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A B S T R A C T 
 
Crude extracts from specimens of the brown seaweed Dictyota menstrualis, known to produce 
diterpenes as their major secondary metabolites, were analyzed according to storage procedures 
before extraction, and the solvent types used to obtain the crude extracts. The specimens of D. 
menstrualis were submitted to three types of storage procedures, such as wet, dry, and frozen and 
were extracted with a mixture of dichloromethane:methanol (2:1) and acetone. Qualitative 
differences were not observed by GC/MS analyses of all crude extracts containing mainly the 
diterpenes pachydictyol A (I), 6-hydroxy-dichotoma-3,14-diene-1,17-dial (II), 6-hydroxy-2,7-
cycloxenia-3,14-diene-1,17-dial (III), and 6-acetoxy-dichotoma-3,14-diene-1,17-dial (IV). The most 
efficient and selective extraction of the compounds with intermediate polarity produced by D. 
menstrualis was obtained using acetone, but with less mass production. In general, the storage 
procedures produced very similar results, but the frozen samples furnished low amount of total 
diterpenes. According to these results on chemical analysis of crude extracts of seaweeds, the choice 
of solvent to extraction should be considered as important aspect to better screening bioactive 
compounds. 
 
R E S U M O 
 
Os extratos brutos de espécimes da alga parda D. menstrualis, conhecida por produzir diterpenos 
como principais metabólitos secundários, foram analisados quanto ao modo de armazenamento antes 
da extração e tipo de solvente utilizado na obtenção do extrato bruto. Os solventes utilizados foram 
uma mistura diclorometano:metanol (2:1) e acetona. Os espécimes de D. menstrualis foram 
submetidos a três formas de armazenamento, denominados fresco, seco e congelado. Não foram 
observadas diferenças qualitativas nas amostras obtidas de quaisquer dos extratos brutos na análise 
por CG/EM, sendo compostas pelos diterpenos pachydictyol A (I), 6-hidroxi-dichotoma-3,14-dieno-
1,17-dial (II), 6-hidroxi-2,7-cicloxenia-3,14-dieno-1,17-dial (III) e 6-acetoxi-dichotoma-3,14-dieno-
1,17-dial (IV). Os resultados indicaram que a extração mais eficaz para os componentes de média 
polaridade de D. menstrualis foi obtida com o uso de acetona, que promoveu extração mais seletiva, 
mesmo apresentando menor rendimento em massa. Quanto à forma de armazenamento das algas, foi 
constatado que as metodologias não diferiram significativamente entre si, apesar da tendência de 
algas congeladas fornecerem o menor rendimento no total de diterpenos. Portanto, nos trabalhos 
envolvendo análises químicas de extratos brutos de macroalgas marinhas, a escolha do solvente de 
extração deve ser considerada como fator importante na varredura de substância bioativas. 
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INTRODUCTION 
 
 The knowledge about the chemical 
composition of marine organisms is an essential 
element for assessing chemotaxonomic, chemical 
ecology, and natural products studies, including that 
pointed to evaluate the ecological/biological roles.  
Seaweeds produce hundreds of secondary 
metabolites, including terpenoids (major sesqui- and 
diterpenes), acetogenins, amino acid-derived 
compounds, unusual fatty acids, polyphenols (= 
phlorotannins) and metabolites produced through 
mixed biosynthesis that have terpenoid and phenol 
portions (BLUNT et al., 2006, and previous review 
cited therein). Several of these secondary metabolites 
are capable of inhibit  herbivory or exhibit a wide 
action against other adverse agents in the marine 
environment (PAUL et al., 2006; AMSLER ;  
FAIRHEAD, 2006). 
Among the Phaeophyceae (brown seaweeds) 
of both tropical and warm temperate marine regions, 
Dictyota species are known to produce feeding 
deterrents secondary metabolites against herbivores, 
such as the well-studied family of structurally similar 
dictyol diterpenes, including pachydictyol A, dictyol 
E, dictyol B, dictyol B acetate, and dictyol H, which 
have been shown to be active anti-feedant metabolites 
in ecological assays (see Pereira et al., 1994 for 
Parhyale hawaiensis and Hay and  Steinberg, 1992, 
for review about remaining herbivore species). Natural 
concentrations of pachydictyol A, found in some 
species of Dictyota, can inhibit herbivory by tropical 
parrotfish species, by the temperate fishes Lagodon 
rhomboides and Diplobus holbrooki, and by the sea 
urchin Diadema antillarum. On the other hand, this 
same metabolite does not inhibit feeding by the sea 
urchin Arbacia punctulata, the cosmopolitan 
polychaete Platynereis dumerilii, or the amphipod 
Parhyale hawaiensis, and has further been shown to 
increase feeding in the amphipod Ampithoe 
longimana. Dictyol E reduces herbivory in L. 
rhomboides, D. holbrooki and Arbacia punctulata, but 
is not an effective defense against A. longimana and 
Platynereis dumerilii. Finally, pachydictyol A, dictyol 
B, and dictyol H significantly inhibit herbivory in the 
rabbitfish Siganus doliatus. 
Seaweed secondary metabolites are not a 
qualitative or quantitatively absolute or invariant 
characteristic of a species. To the contrary, the yields 
of secondary metabolites can be changed by intrinsic 
characteristics of the seaweed, environmental, and 
genetic aspects (e.g. see AMSLER ;  FAIRHEAD, 
2006; PAUL et al., 2006), or by extrinsic aspects 
related to biochemical activity (e.g. KLEINER, 1991), 
heat (e.g. NEWMAN et al., 1992), light (e.g. CORK 
and  KROCKENBERGER, 1991), vacuum (e.g. HAY 
et al., 1988), extraction solvent (e.g. MUZIKA et al., 
1990), drying procedure (e.g. LINDROTH;   
PAJUTEE, 1987), duration of extraction (e.g. ZOBEL;   
BROWN, 1988), storage and extraction of procedures 
(CRONIN et al., 1995).  
The brown seaweed Dictyota menstrualis 
can be considered a model for chemical ecology 
studies in Brazilian coast. Previous studies revealed 
that their crude extract act as anti-feedant metabolites 
against crab and amphipod (PEREIRA et al., 2000). In 
contrast, natural concentrations of the well-known 
pachydictyol A, also found in this species from the 
Brazilian coast, were not deterrent to the same 
amphipod species (PEREIRA et al., 1994). In fact, an 
uncommon and most polar diterpene found as second 
major metabolite in D. menstrualis is responsible for 
the chemical defense activity previously observed in 
this algal species (PEREIRA et al., 2000). 
Marine ecologists have rarely assessed how 
methodologies used in sample preparation affect the 
extractibility and stability of secondary metabolites. 
The purpose of this study was to evaluate the type of 
storage or extraction procedure and the effect of 
solvent in yields of lipophylic chemical profile of the 
brown seaweed Dictyota menstrualis.   
 
MATERIAL AND METHODS 
 
Collect and Extraction 
 
 Specimens of D. menstrualis were collected 
at Praia Rasa, Búzios, RJ, in April, 16, 2003 (Voucher 
specimens have been deposited at the Herbarium 
Bradeanum of the Universidade do Rio de Janeiro, 
HRJ 10.017).  
A mixture of dichloromethane-
DCM:methanol-MeOH (2:1) and acetone were used in 
the two types of solvents employed in the extraction of 
lipophylic chemicals of D. menstrualis. On the other 
hand, the specimens of D. menstrualis were submitted 
to three types of storage procedures: wet- in which the 
specimens were immersed in solvent just after the 
collect (wet procedure); dry- the specimens were dried 
under natural conditions during 24 h and after 
extracted with solvents (dry procedure), and frozen- 
when the specimens were frozen by 90 days and after 
submitted to extraction with appropriated solvent 
(frozen procedure). The same number of aliquots (n= 
5), extractions (n= 3) and volume of solvent (15 mL) 
were used for each procedure. Evaporation of the 
solvent under reduced pressure yielded residues 
submitted to previous purification. 
 
Technical aspects 
 
 Mass spectra were obtained by High 
Resolution Gas Cromatography (HP 6890) coupled to 
Mass Spectrometry by electron impact at 70 eV (HP 
5973), column HP-1 MS, 30 m length, 0.25 µm film 
and 0.25 mm diameter. Hydrogen was used as carrier 
gas (1 mL/min). 
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 The samples were injected in split mode 
(1:20) and the oven temperature program was as 
follows: 160°C, 4°C/min to 260°C, then 15°C/min to 
290°C (15 min). The temperature of the injector and 
detector were maintained at 270°C and 290°C, 
respectively. 
 Chromatographic analyses by Thin Layer 
Chromatography (TLC) were carried out in silica gel 
60 F254 plates (E. Merck, Darmstadt) and the 
compounds were visualized by UV light (254 and 365 
nm) and stained with ceric sulphate 2% in sulfuric 
acid, followed by heating. 
 
Partial Purification of the Extracts of D. menstrualis 
 
 Two methods were carried out to partial 
purification of the extracts obtained from D. 
menstrualis: partition with hexane (ALVES, 2000) and 
by a silica gel 60 column chromatography with a ring 
of active charcoal on their surface (MARCHI, 
1994).The column was eluted with a 50% hexane:ethyl 
acetate (EtOAc), and ethyl acetate (100%). In the 
partition process, a total of 193 g of seaweed were 
extracted with acetone and the obtained organic 
residue (8 g) was submitted to partition with 300 mL 
of hexane/water (3 x) to obtain 2 g of a hexanic extract 
(about 5 % of the alga – dry weight). 
In the filtration process, the crude extract 
was put in a silica gel 60 Mesh column with active 
charcoal on their surface. A total of 2.0 g of sílica and 
0.030 g of charcoal were used for each 1.0 g of crude 
extract. The elution was carried out with 70 mL 50%  
hexane: EtOAc, followed by 40 mL EtOAc (100%). 
 
Analysis of the Purified Extracts by GC/MS 
 
All samples were diluted in EtOAc, 
maintained the final concentration of 15 mg/mL. A 
total of 1 µL of each sample was injected, with split 
mode (1:20); double analysis for each sample. 
  
RESULTS 
 
The Major Compounds 
 
Four diterpenes, pachydictyol A (I), 6-
hydroxy-dichotoma-3,14-diene-1,17-dial (II), 6-
hydroxy-2,7-cycloxenia-3,14-diene-1,17-dial (III), 
and 6-acetoxy-dichotoma-3,14-diene-1,17-dial (IV), 
were found in D. menstrualis, with different retention 
times (min) observed by GC analysis, 13.70, 20.20, 
21.77, and 21.99, respectively (Table 1). According to 
this first analysis, they are the four major diterpene 
metabolites found in the Brazilian D. menstrualis 
studied. 
 
Extraction Before Purification 
 
The extraction carried out previous by to the 
purification procedure furnished  47, 28, 15 and 10% 
of compounds II, III, IV and I, respectively (Fig.  1). 
At first, this is the chemical profile of D. menstrualis 
obtained from crude extract without treatment.  
 
Extract Analysis After Partial Purification 
 
The analysis by GC/MS confirmed the 
similarity between the fractions obtained after the two 
types of partial purification (Fig.  2). However, the use 
of a silica gel column chromatography furnished better 
yields and more substances than major diterpenes I to 
IV. In fact, both purification procedures produced very 
similar chemical profile, but the analysis by TLC 
revealed that after the partial purification by column 
produce mainly loss of most polar compounds. 
 
Table 1. Retention times of the major secondary metabolites 
from D. menstrualis by GC analysis. 
 
Compound Retention  
time (min) 
Pachydictyol A (I) 
 
OH
H
H
 
 
13.70 
6-hydroxy-dichotoma-3,14-diene-1,17-
dial (DA-1; II) 
 
CHOOHC
OHH
 
 
20.20 
6-hydroxy-2,7-cycloxenia-3,14-diene-
1,17-dial (DA-2; III) 
 
OH
CHO
CHO
 
 
21.77 
6-acetoxy-dichotoma-3,14-diene-1,17-
dial (AcDA-1; IV) 
 
CHOOHC
OAcH
 
21.99 
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Fig. 2.  GC chromatogram of the fractions purified partially of the crude extract of D. menstrualis.  (A) Partition 
with n-hexane; (B) Column in sílica gel + active coal. 
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Fig.1. Percentual area of the major 
components of the crude extract without 
purification. 
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Before partial purification by column, 
extracts were obtained using acetone and DCM:MeOH 
from all storage procedures (Fig. 3). The ratio between 
the major components of the extract of D. menstrualis 
without purification reveals that II is the major 
diterpene, ranging from 36 to 41% in samples (wet, 
dry and frozen) extracted with acetone, and 25 to 32% 
in these same sample types extracted with a mixture of 
solvents – DCM: MeOH – 2:1. Both solvents 
produced very similar ratio between the major 
compounds found in D. menstrualis. However, the 
extraction using acetone produced higher mass of each 
compound. Compared to ratio of compounds in the 
crude extract before purification (Fig.  4), the 
extraction with acetone alone is more realistic due to 
yield of high amount of the diterpene II. 
 
DISCUSSION 
 
Results of this investigation indicate that 
storage, extraction, and quantification methods need to 
be optimized for analyses of individual compounds 
from the algae. 
Throughout the analysis by GC/MS it was 
possible to verify that the chemical profile of the 
brown seaweed Dictyota menstrualis is constituted by 
four major secondary metabolites I-IV. Among these 
compounds, the diterpene II is known to exhibit 
ecological role as chemical defense against herbivores 
(PEREIRA et al., 2000). However, recent 
complementary analysis revealed that this Brazilian 
seaweed possess four other minor compounds besides 
those  found in this study (CAVALCANTI et al., 
2006; TEIXEIRA et al, 2001). According to these 
evidences it is possible to suggest that GC/MS can be 
an efficient method to supply information about major 
secondary metabolites from D. menstrualis mainly to 
use in ecological studies.  
According to storage type, previous works 
on frozen specimens of D. ciliolata and D. menstrualis 
(CRONIN et al., 1995) should quantities of less 
pachydictyol A (I), dictyol E, dictyol B acetate and 
dictyodial. According to our results, the concentrations 
of the four secondary metabolites did not differ among 
the storage treatments (wet, dry, and frozen). In fact, 
our results suggest that some variations was obtained 
by use of different solvents, better than due to storage 
mode of the alga. At first, we could think that 
DCM:MeOH would be a better option to obtain higher 
mass of compounds from D. menstrualis. In the 
partially purified fractions, the importance of each 
component  was  always  less  than  that  found  in  no 
 
Fig. 3. Yield in weight of the crude extracts of D. menstrualis obtained by different storage 
methods and extraction procedures (solvents).   
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Fig. 4. Percentual area of the major components of the partially purified extracts obtained by 
different storage methods and extraction procedures (solvents). 
 
purified extracts. In those extracts obtained using 
acetone, a higher proportion of the polar components 
II, III and I was observed, while from those extracts 
produced with DCM:MeOH, the component I was 
better extracted. However, the crude extract from D. 
menstrualis with acetone was better selective than 
indicated by previous study (CRONIN et al., 
1995).TLC analysis demonstrated that extraction with 
acetone produce the most efficiency to obtain the 
major secondary metabolites from D. menstrualis, 
while the extraction with DCM:MeOH extract 
metabolites minor, other than these major compounds. 
Although with less mass yield (13%) compared to 
DCM:MeOH extraction (21%), it was possible to 
recuperate most of the extract after partial purification 
and their fractions were quali- and quantitatively very 
similar  to that obtained by extraction with 
DCM:MeOH. 
Several studies used a mixture of solvents 
such as dichloromethane (or chloroform) and methanol 
to extraction of natural products from marine 
organisms (e.g. SIAMOPOULOU et al., 2004; 
CRONIN et al., 1995; BHEEMASANKARA RAO et 
al., 1994; SCHLENK; GERWICK, 1987). However, 
among the studies that used only one high polarity 
solvent to extraction (e.g. ethyl acetate, acetone, 
ethanol or methanol) the minor high polarity 
components were isolated, much of them exhibiting 
biological activities (e.g. DURÁN et al., 1997; 
NINOMYA et al., 1995; BOUAÏCHA et al., 1993; 
ISHITSUKA et al., 1984).  
According to our results on the chemical 
profile of D. menstrualis by GC/MS, storage 
procedures  and  solvent  types, the choice of solvent 
to extraction should be considered as an important 
aspect to better screening bioactive compounds. Many  
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species of Dictyota are referred to produce dictyols, 
representatives of the prenylated guaiane diterpenes, 
including four compounds known for D. menstrualis. 
Then, this chemical procedure can be required to 
obtain better realistic chemical profile of Dictyota 
species. 
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